SommarS
Introduction
Normal man has a reflex hypoxic respiratory drive at rest. It is possible to obtain an estimate of this drive by measuring the ventilatory change which results from the sudden administration of 100% oxygen (the oxygen breath test; Dejours, 1962) .
The contribution of this reflex to the total res- piratory drive is of considerable interest in patients with chronic lung disease, because many of them are hypoxaemic. The commonest pulmonary cause of hypoxaemia is chronic bronchitis, and Lee & Bishop (1974) attempted to estimate the resting reflex hypoxic drive of patients with this disease. Several difficulties were encountered in interpreting these oxygen breath tests, largely from the slow rise in Pa,oz when oxygen was substituted for the inspired air. It seems likely that this slow rise in Pa,o, can be explained, at least in part, by the uneven distribution of ventilation to perfusion found in these patients.
Some patients with diffuse pulmonary infiltration are also hypoxaemic. Such patients are unlikely to have severe disturbances of ventilation, and disturbances of perfusion are likely to be prominent only in advanced cases with pulmonary hypertension. It therefore seemed probable that their Pa,oz would rise more quickly if the inspired air were changed suddenly to oxygen; if so, they would be much better subjects for oxygen breath tests and a more accurate estimate of the resting reflex hypoxic drive should be obtained by this technique. Furthermore, the Pa,co2 in patients with diffuse pulmonary infiltration is usually near normal (Turino, Lourenso, Davidson & Fishman, 1963) . Their hypoxic drive could therefore be estimated against a background of eucapnia as opposed to the chronic hypercapnia of subjects with chronic bronchitis.
We have therefore used oxygen breath tests in nine patients, with diffuse pulmonary infiltration of varying aetiology, to estimate the size of the resting reflex hypoxic respiratory drive in each case. The patients were chosen to cover as wide a range of resting Pa,oz values as possible.
Methods Subjects
Some of the patients studied were undergoing investigation for diffuse pulmonary infiltration suspected on radiological and clinical grounds.
Others were known to have the disease and its progress or response to treatment was being assessed.
Investigations included chest radiography and the assessment of pulmonary function. Arterial gas tensions and the alveolar-arterial oxygen difference were then measured; the oxygen breath tests were performed on the same occasion.
The details of the patients are given in Table 1 . All the patients had given their full informed consent to the procedure described.
Procedure
The technique used was that described by Lee & Bishop (1974) with minor modifications which are described below. In brief, whilst the patient breathed through a respiratory valve, the inspired air was replaced by oxygen for 30 s every few minutes. Ventilation was measured with a bag in box system, before, during and after this change in inspired oxygen.
Ventilation
The patients were seated in an armchair throughout. After cannulation of the brachial artery, they rested for 30 min before ventilatory measurements were made. They then breathed through a solenoidcontrolled valve which allowed the inspired gas to be changed suddenly at the mouth, in a manner undetectable to the patient (Lee & Crisp, 1974) .
The patients were in a quiet room and unable to see any of the apparatus except the respiratory valve and tubing; the experimental procedure was silent, and interference kept to a minimum. For each oxygen breath test the ventilation was recorded until it was judged, by eye, to have been fairly constant in frequency and tidal volume for at least 30 s. The inspired air was then replaced by oxygen for a similar period. The patients breathed air for 5-10 min between tests.
The spirometer trace from each oxygen breath test was divided into successive intervals of approximately 10 s each, the exact length of each interval being chosen to contain a whole number of breaths. The ventilation for each of these periods was then calculated as a value for minute ventilation ( Table 2) . The values used below are those for the last three 10 s periods before the patients began to breathe oxygen, and those for the 20-30 s period after the patients began to breathe oxygen. The fall in ventilation was measured in the 20-30 s period after breathing oxygen, because in each patient the Pa,oz had then exceeded 16 kPa ( Table 2) .
The 'control' ventilation (Table 2) for each oxygen breath test was obtained by dividing the sum of the tidal volumes of all breaths in the 30 s control period by their total duration. Corresponding periods of several oxygen breath tests were then averaged to obtain their mean value in any one experiment. Between six and twelve tests were analysed in each patient, except E.W., in whom four tests were analysed. Because of some variability of ventilation of corresponding 10 s intervals in any given patient, the control ventilation was compared with successive 10 s periods by means of a paired r-test for all oxygen breath tests in each patient. There was no significant difference between the control ventilation and successive 10 s periods before breathing oxygen in any patient.
Blood gas tensions
The samples were drawn into 2 ml oiled glass syringes, the dead space (0-05 ml) being filled with heparin. Control samples were withdrawn through the brachial artery cannula over 10 s periods. During several of the oxygen breath tests of an experiment, arterial samples were withdrawn over 2 s periods. The dead space of the cannula was washed out by permitting free bleeding before sampling. Two samples were taken during each of these oxygen tests and analysed for Pa,02 and Pa,coz, as described previously (Lee 8c Bishop, 1974) . The regression of Pa,o, on time was calculated by the method of least squares. permitting an estimate of the rate and extent of the rise in Pa,oz to be made in each patient. The Pa,con in the 10 s period during which the fall in ventilation was measured was estimated from the mean of the two or three determinations during that period. The taking of arterial samples in this way had no demonstrable effect on the ventilation. Fig. 1 summarizes the findings in a representative experiment from one patient. The control Pa,02 was 11.3 kPa. When the patient began to breathe oxygen at zero time his Pa,oz began to rise in a linear fashion after about 10 s. The resulting change in ventilation is shown below. The maximum fall in ventilation occurred in the 20-30 s period when the mean ventilation had fallen by 1-92 I/min (BTPS) or 13% of the control value. The Pa,co2 had not altered detectably by the time this fall in ventilation was measured. quickly than in patients with bronchitis. As in bronchitic patients, the rise was effectively linear with time, thus allowing estimation of Pa,oz at any particular time by interpolation. The actual rate of rise inPa,oz varied from patient to patient, but in all the Pa,oz had reached more than 16 kPa within 20 s after starting to breathe oxygen (Table 2) . Fall in ventilation. In seven of the nine patients, the ventilation in the period 20-30 s after beginning to breathe oxygen was significantly less (P < 0.001) than the control ventilation (Table 2 ). In the other two patients (J.M. and F.L.) the fall failed to reach statistical significance (P < 0.1).
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Pu,coz. In three experiments the Pa,coz had not changed detectably by the time the fall in ventilation was measured. The greatest observed change was 0.3 kPa ( Table 2 ) .
Resting reflex hypoxic drive
In each patient the Pa,oz had risen above 16 kPa by the time the fall in ventilation was measured (Table 2) period analysed. In general, the lower the resting Pa,oa of the patient, the greater was the percentage fall in the ventilation (Fig. 2 ).
Discussion
Patients with chronic lung disease often become hypoxaemic, and the role played by hypoxia in the control of their ventilation is therefore of considerable interest. This role may be studied in two ways. On the one hand, sensitivity to hypoxia is a measure of the ventilatory response to a range of Pa,oz values, this relationship being essentially hyperbolic (Lloyd, Jukes & Cunningham, 1958 The present experiments were designed because it seemed that patients with mild chronic hypoxaemia due to difFuse pulmonary infiltration would have a faster rise of Pa,oz, when they breathed oxygen, than patients with chronic bronchitis. The estimation of the fractional fall in the ventilation when they are made hyperoxic should therefore be more reliable. Although Turin0 et al. (1963) showed that the ventilation of subjects with diffuse interstitial lung disease did not alter when they breathed 40% oxygen for 25 min, this does not necessarily mean that they have no resting hypoxic drive. The duration of their tests was such that any initial fall in ventilation would have been counteracted by a compensatory rise in Pa,co2. The use of transient methods largely removes the effect of such secondary factors
(Dejours, 1942).
In our studies the Pa,coz showed no demonstrable change in three of the patients, presumably because of the small absolute changes in ventilation observed and the short period of the experiments. It therefore s e e m likely that the percentage fall in ventilation observed would estimate the reflex hypoxic respira-tory drive with an accuracy comparable with that of oxygen tests in normal subjects (Dejours, 1962 Dejours (1962) suggested that this threshold lay between 16 and 23 kPa. In our studies Pa,02 had risen to 16 kPa by the time the fall in ventilation was measured, a value higher than that attained by Lee & Bishop (1974) in their bronchitic patients.
The present results can be compared with the results of oxygen breath tests on subjects with normal lungs, when breathing a mildly hypoxic gas mixture, acutely. The fall of 12.5% at an alveolar Po2 of 9.6 kPa (Dejours, Labrousse, Raynaud, Girard & Teillac, 1958; Dejours, 1963 ) is similar to that in our patients (Fig. 2 ) and provides little suggestion that their reflex arc had become desensitized. Perhaps the degree of hypoxaemia to which they had been exposed was too mild, and probably too short (Weil, Byrne-Quinn, Sodal, Filley & Grover, 1971) , for this to occur. We conclude that patients with diffuse interstitial lung disease but little airways obstruction are good subjects for oxygen breath tests. Seven of the nine patients studied had a demonstrable resting reflex hypoxic drive whilst in the stable state. The fractional fall in ventilation, when they were made hyperoxic, tended to be greatest in those with the lowest resting Pa,02.
